Tetrahydrobiopterin (BH4) is a highly bioactive pterin required for nitric oxide synthase and monooxygenases of aromatic amino acids, and is involved in the synthesis of nitric oxide, catecholamines and Serotonin. Although these functions imply that pterin metabolism plays critical roles in human development, the intrauterine metabolism is unclear. To clucidate the pterin metabolism in the human feto-placental unit, blood was obtained from the umbilical artery and vein, and the matemal vein, and plasma biopterin and neopterin concentrations were analyzed by the high-performance liquid chromatography method. To clarify the effect of labor, data was also compared between the transvaginal delivery (TV) and the caesarean delivery (CS). The levels of biopterin and the neopterin, and neopterin/biopterin ratio were higher in the fetal plasma than in the matemal plasma. Biopterin levels in the umbilical artery were higher than those in the umbilical vein. There were significant correlations in either biopterin or neopterin between the fetal plasma and the matemal plasma. There was no significant difference in the fetal pterin levels between TV and CS. The results suggest the stimulated BIl4 synthesis in the fetoplacental unit, the independent homeostasis of the fetal pterin metabolism, and the possibility of dynamic movements of pterins among the fetus, the placenta and the mother.
Introductioii
ture mpture of the membrane, intrauterine infection, preeclampsia, hypertension, fetal distress and fetal Tetrahydrobiopterin (BH4) is a co-factor of nitric anomaly, and with appropriate neonatal growth for oxide (NO) synthase (NOS) and monooxygenases of gestational age were included in the present study, aromatic amino acids, such as phenyl-alanine, tyrosine They were divided into two groups according to the and tryptophan, and is essential to the synthesis of NO, delivery mode: transvaginal delivery group (TV, n= endo-thelium-derived relaxing factor, and cate-31) and elective caesarean section group (CS, n= 14). cholamines and Serotonin. Although these functions Blood was aspirated from the matemal vein, and the imply that BH4 also plays critical roles in human imibilical artery and vein immediately after delivery development, studies of the intrauterine pterin metaboand heparinized, and ascorbic acid was added at the lism are rare, except for reports of the prenatal diagno-final concentration of 1 mg/ml, The mixturc was censis of BH4 deficiency (1) (2) (3) (4) (5) and the fetal immune systriftiged at 3,000 x g for 10 min at room ternperature. tem (6) . To know the intrauterine pterin metabolism, Plasma was stored at -80°C until analyze. we analyzed the concentrations of biopterin and neopterin in the umbilical artery and vein, and the Determination of plasma biopterin and neopterin matemal vein. Characteristics of the pterin metaboPlasma concentrations of biopterin and neopterin lism in the feto-placental imit were discussed.
were analyzed by high-perfomiance liquid chromatography with fluorometric detection (7, 8 
Statistical analysis
Differences and correlations in neopterin, biopterin and N/B ratio among the matemal vein, and the umbilical artery and vein were analyzed by paired Student's t test and Pearson's correlation coefficient. The difference between TV and CS was analyzed using the unpaired t test. Statistical significance was defined as p< 0.05.
Results

Concentrations of neopterin and biopterin and the N/B ratio in the maternal vein and the umbilical vessels
The concentrations of neopterin and biopterm and the N/B ratio are shown in Table 1 . Regardless of the delivery mode, the concentrations of neoptenn and biopterin in the umbilical vessels were significantly higher than those in the matemal vein (p< 0.0001). Of all cases, the N/B ratios in the umbilical vessels were significantly higher than those in the matemal vein (p<0.05 and p<0.001, respectively). A significant difference was also observed in TV (p<0.01 and p<0.0001, respectively), but not in CS.
In comparison between TV and CS, there was no significant difference in the concentrations of neopterin or biopterin in the matemal vein or the umbilical vessels. There was a significant difference in the N/B ratio in the matemal vein (p<0.05), but not in the umbilical artery or vein.
Comparisons of concentrations of neopterin and biopterin and the N/B ratio between the umbilical artery and vein.
The concentrations of neopterin and biopterin and the N/B ratio in the umbilical artery and vein were shown in Figure 1 . Although there was no significant difference in the neopterin concentration, the biopterin concentration and N/B ratio in the umbilical artery were significantly higher than those in the umbilical vein (p<0.0001 and p<0.01, respectively). 
Correlation of concentrations of neopterin and biopterin between the umbilical vein and the matemal vein
Correlations of pterin concentrations between the and the N/B ratio in the maternal vein and the umbili-
Group
Figure 1 Comparisons of neopterin and biopterin concentrations between the umbilical artery and vein. Data were analyzed as described in the text. (A) Neopterin., (B) Biopterin, (C) N/B ratio. *p< 0.0001, O.Ol.
fetus and the mother were analyzed (Figure 2 ). There were significant correlations of neopterin and biopterin concentrations between the umbilical vein and the matema! vem (r= 0.432, p= 0.0071 and r= 0.456, 0.0041, respectively).
Discussion
The levcls of neopterin and biopterin were markedly higher in the fetal plasma than in the matemal plasma. High levels of pterins in the fetal plasma suggest the stimulated BH4 synthesis in the feto-placental nnit. The N/B ratio was also significantly higher in the fetal plasma than in the matemal plasma. The N/B ratio of the fetus must be markedly higher than that of adults, because the N/B ratio of pregnant women is higher than that of non-pregnant women (9) . Therefore, it is (A)
suggested that the activities of guanosine triphosphate cyclohydrolase (GTPCH) and enzymes in the following steps, including 6-pynivoyl tetrahydropterm synthase, are out of balance in the feto-placental unit. Although GTPCH activity is not detected in amniocytes or fetal erythjocytes (4), the enzyme might be expressed highly in the fetal major Organs more than the other enzjTnes of BH4 synthesis.
Although inflammatory change occurs in the fetal membrane, and labor, namely, repetition of the uterine contraction causes the periodic change of utero-placental blood flow during a transvaginal delivery, there was no significant difference in the fetal levels of neopterin, biopterin or the N/B ratio between TV and CS. These results suggest that these stresses scarcely affect the pterin metabolism in the feto-placental unit. On the other band, although there was no significant difference in the matemal levels of neopterin or biopterin between TV and CS, a significant difference in the N/B ratio was observed. In CS, the diet was forbidden from 12 hours before the scheduled caesarean section. Such stress niight slightly affect the matemal pterin metabolisni, but the fetal pterin metabolism would be independently maintained.
There were significant differences in neopterin, biopterin and N/B ratio between the umbilical artery and the umbilical vein. Blood in the umbilical artery is an efflux from the fetus and that in the umbilical vein is efflux from the placenta. Therefore, these results suggest that the activity of BH4 synthesis is higher in the fetus than in the placenta, and/or that biopterin cen\ aT!\es. such as BH4, 7,8-dihydiobiopterin (BH2) and bioptenn, are taken up in the placenta. The possible suppl) of biopterin derivatives through the umbilical tlow from the fetus to the placenta is worth examinmg, because NOS which requires BH4 as a cofactor is highly expressed in the placenta and the NO production in the placenta is affected by the BH4 level (10, 11) , Although the distribution of '"C-labeled BH4 across the rat placenta from the mother to the fetus is repoited (12), the transfer of BH4 across the human placenta from the mother to the fetus is considered negligible because administration of BH4 to the mother could not increase the biopterin level in the amniotic fluid of BH4 deficient fetuses (1). However, there were loose but significant correlations of neopterin and biopterin between the fetal plasma and the matemal plasma. The results suggest the possibility of pterin movements across the placenta. The direction might be from the fetal side to the matemal side according to the concentiation gradient, because the opposite direction is negligible (1).
The present smdy reported concentrations of neopterin and biopterin in the matemal vein and the umbilical vessels at term. This is the first study to report differences in biopterin concentrations between the umbilical artery and vein. The results suggest the stimulated BH4 synthetic pathway in the feto-placental Unit, the iindependent homeostasis of the fetal pterin metabolism, and the possibility of dynamic movements of pterins among the fetus, the placenta and the mother. The fetal pterin synthesis might be included in NO production in the placenta and thereby the placental circulation. The pterin metabolism in the feto-placental Unit should be studied further.
